ABSTRACT -This study was conducted to determine the presence of phthalates in 10 different brands of bottled water available in Saudi markets and stored under different conditions. Dimethyl phthalate (DMP), diethylphthalate (DEP), di-n-butyl phthalate (DBP), benzyl butyl phthalate (BBP) and diethyl hexyl phthalate (DEHP) were measured by headspace solid-phase microextraction followed by gas chromatography-mass spectrometer detector. Most of these phthalates were detected in the selected bottled water sample that might be either leached from the plastic packaging materials or contamination during bottling processes. Bottled waters stored at 4°C contained higher levels of DMP, DEP, BBP and DEHP than those stored at room temperature and outdoors. On the other hand, the levels of DMP, DEP and BBP were significantly lower in bottled waters stored at room temperature than those outdoor. It seems that temperature and sunlight play a role in the degradation of phthalates within time. The levels of BBP were the highest at 4°C storage (4.592 ± 3.081 μg/l; range: 1.194-21.128 μg/l) and approximately 76% of the bottled waters had BBP above the limit of quantification (LOQ) of 0.994 μg/l. Apart from DEHP (< 6 μg/l), there are not current legislations for other phthalates. Regardless of storage conditions, all our samples did not exceed the maximum established limit of DEHP. Although, the levels of phthalates in tested bottled waters were low, one should not dismiss that these chemicals may cause endocrine disruption through several mechanisms, especially to potentially vulnerable populations such as infants and pregnant women. Saudi Arabia ranks 12 in bottled water consumption (88 L per capita in 2004) among the 71 reported countries. With this high consumption, a quality assurance scheme for residue monitoring in water is quite important. Although, one cannot avoid phthalates contamination in bottled waters due to manufacturing process but at least special care should be taken regarding their storage conditions.
INTRODUCTION
The consumption of bottled water worldwide has been increasing consistently over the last few decades (World's Water, 2009) because of tap water quality/taste and/or health concerns (Doria, 2006) . There is a general conception among people that bottled water is better than tap water. With the growing demand of bottled water consumption, there has been some concerns and speculations about its quality especially if stored for long time or/and exposed to higher temperature. Anonymous Forum (1995) explored the notion that bottled water is not necessarily any safer than tap water if one considers the length of storage and the room temperature. At that time, their main concern was bacterial growth. Plastic bottles made from polyvinyl chloride (PVC) or polyethylenes are widely used for all types of water in many countries. Polyethylene terephthalate (PET) is the most commonly used because of its physical and chemical tolerance. Phthalates are fat-soluble synthetic chemicals found in PVC products in order to soften vinyl plastic, hence, are also called 'plasticizers'. They can be found in many consumer products such as building materials, household furnishings, clothing, cosmetics, pharmaceuticals, medical devices, dentures, children's toys, cosmetics, perfumes, food packaging, automobiles, lubricants, waxes, cleaning materials and insecticides (National Toxicology Program, 2000; Schettler, 2006; Pak and McCauley, 2007) . Phthalates are not covalently bound to the plastic matrix and therefore; they leach out, migrate or evaporate of PVC into the air, food or any other materials (Heudorf et al., 2007) .
There are more than 580 plastics manufacturers in Saudi Arabia. Of those, 20% consume nearly 60% of plastic feedstock sold in the Kingdom. The Saudi Basics Indus-tries Cooperation (SABIC) is the world's third largest producer of polyethylene (SABIC, 2009) . Demand for bottled water in the Kingdom of Saudi Arabia increased strongly in 2009 due to mainly to the growing population as well as the people have become more health conscious. In spite of water scarcity in Saudi Arabia, there is a remarkable growth in bottled water industry within the last few years. Unfortunately, figures are not available but one could notice that there are many different brands of bottled water in Saudi markets, which are packed in disposable plastic bottles. Some retailers unfortunately store boxes of bottled water outside the shops where the temperature reaches sometimes in Riyadh 45°C. Though there are Saudi standard limits for chemical properties of bottled water, recent study by Khan and Chohan (2010) found that the levels of many parameters on the label such as fluoride (F), calcium (Ca), total dissolved solids (TSDs) and pH did not comply with the international or national standards. In Saudi, there are no specific regulations for phthalates or organic compounds in drinking water.
The aim of this study was to investigate the presence of phthalates in ten different brands of bottled waters manufactured locally for dimethyl phthalate (DMP), diethyl phthalate (DEP), dibutyl phthalate (DBP), benzyl butyl phthalate (BBP) and diethylhexyl phthalate (DEHP). Moreover, we investigated the influence of storage conditions on the levels of these phthalates.
MATERIALS AND METHODS

Chemicals & standards
DMP, DEP, DBP, BBP, DEHP and benzyl benzoate (BB) with > 99.4% purity were obtained as neat compounds (99.5%) from Chemservice (West Chester, PA, USA). Ethyl acetate, benzene, methanol, acetone (all HPLC grade) and sodium chloride were purchased from Fischer Scientific (Pittsburgh, PA, USA). Dichloromethane was supplied from Merck (Darmstadt, Germany).
Ultrahigh purity helium (99.999%) and nitrogen (N 2 ) for Gas Chromatography-Mass spectrometer and solvent evaporation were purchased locally from Abdulah Hashim Industrial Gases and Equipment Co. (Riyadh, Saudi Arabia).
After standard washing using a detergent, all laboratory glassware was rinsed with distilled water and acetone and baked out in a laboratory oven at 250°C for 1 hr.
Preparation of stock & spiking solutions
The individual stock solutions (100 mg/ml) for DBP, BBP and 50 mg/ml for DEHP including the internal standard (BB) were prepared in dichloromethane and stored at 4°C. For water analysis, we prepared 100 mg/ml for DBP, BBP and 50 mg/ml for DEHP. Spiking mixture solutions of phthalates in methanol were prepared from stock solutions. All working solutions containing the target phthalates were prepared by convenient dilutions of the intermediate solutions in methanol. Stock and spiking standards were stored in the dark at 4°C until use.
Sample collection
Ten different brands of widely consumed bottled drinking water were purchased from various local supermarkets in Riyadh city. They are all packaged in PET plastic bottles. Brands were named in this work by using A, B,…, I). Fifteen batches were purchased from each water brand and divided into: Group (1) analyzed after one month of storage at 4°C; Group (2): analyzed after two months of storage at room temperature (25-30°C); and Group (3) analyzed after three months of storage outdoor during the month of June-October 2010 (temperature reached sometimes > 45°C). Each group contains five batches from each brand and the total number of samples was 150. The level of phthalates was measured 60 days from the date of the product packed in plastic bottles.
Analytical procedure Instrumentation
The water samples (15 ml) were placed in 20 ml vials. Internal standard (BB) of 2 μg/l was added to each sample. The vials were sealed with 22 mm crimp cap magnetic, gold 8 mm hole furnished with 1.5 mm, PTFE/silicon septum. Then, samples were mixed well and left to equilibrate at 40°C for 10 min. The Agilent 6890N Gas Chromatography (GC) coupled to 5973 mass selective detector (MSD) was used for the phthalates analysis. A CombiPAL autosampler (CTC Analytics, Zwingen, Switzerland) was used to perform the solid-phase microextraction (SPME) injections and gas chromatographic analyses in an automated way. The SPME fiber used was 65 μm polydimethylsiloxane-ivinylbenzene (PDMS/DVB), purchased from Supelco (Bellefonte, PA, USA). Choice of fiber was based on the recommendation of Carrillo et al. (2007) and Liu (2008) . Before the first use, the fiber was thermally conditioned as recommended by the manufacturer using the hot injector at 250°C. At the beginning of the sequence of analysis, the sample vial was transported from the tray to the agitator held at 90°C. After incubating for 180 sec, SPME fiber was inserted through the septum into the headspace. Vial penetration depth was set at 22 mm, and the tip of the SPME fiber was 1.0 cm above the surface of the sample solution. Agitation speed was set at 500 rpm. After the extraction for a pre-set time of 10 min, the SPME fiber was inserted into the injector fitted with a 4.0 mm I.D. liner. The injector temperature was set at 270°C. Injection penetration depth was set at 54 mm, and the SPME fiber was desorbed for 5 min in splitless mode. The flow rate of the helium carrier gas was 1.1 ml/min. The analytes were separated on a cross-linked methyl silicone DB-5MS capillary column (3.0 m × 0.25 mm, 0.25 μm, Agilent Technologies, Wilmington, DE, USA) with a column head pressure of 13 psi in split injection mode of 20. The following chromatographic operating conditions were used: the initial temperature was set at 80°C for 0.5 min, increased to 220°C at 10°C/min, and then heated at a rate of 30°C/min to a final temperature 290°C for 4 min. Ion source temperature was 250°C. Injector temperature was 300°C. Total run time was 20.83 min. Results were presented as μg/l.
The MSD was operated with electron impact ionization in selected ion monitoring (SIM) mode. Monitor ions were as follows with the numbers in brackets being the selected ions for quantification: DMP: 77, (163) (105) 212. The dwell time was 30 ms for each ion. Confirmation of phthalate identity using the GC-MSD was based on the retention time being within ± 0.01 min of that of the standard and that at least one of the two ion ratios must be within ± 30% of that obtained using the standard.
Working spiked standards
Stock standard solutions for DMP, DEP, DBP, BBP, DEHP, and DOP were diluted to construct calibration curves. Six water samples were spiked with phthalate mixture concentrations of 0.75-24.0 μg/l. A 2 μg/l of internal standard (BB) was added to each level. Blank values were subtracted for each analysis. The linearity was evaluated by plotting linear calibration graphs of the peak area ratio (analyte/internal standard) versus the concentration of each standard. The concentrations of phthalates in μg/l in water samples were calculated using these calibration curves. A chromatogram obtained by the SPME-GC-MSD (SIM) analysis of all the six tested phthalates and the internal standard (BB) in one of the tested bottled water is given in Fig. 1 . With the chromatographic conditions selected, all analyzed phthalates were well separated. Table 1 shows the method's detection limit (MDL), limit of quantification (LOQ), recovery, between-run precision, within-run precision and the linearity of the phthalates tested. The within-run and between-run precisions of the method, expressed as percentage of relative standard deviation (%RSD), was determined. It was evaluated by six repetitive analyses of 15 ml of water samples containing standard phthalates at a concentration of 1.25, 2.5 and 5.0 μg/l for DMP, DEP and BBP; 2.5, 5.0, and 10 μg/l for DBP and 1.0, 2.0 and 4.0 μg/l for DEHP under the same optimized experimental conditions. The %RSDs for both within-run and between-run precisions for most phthalates were less than 10% but in relatively high %RSDs was noted for some of the phthalates which might be due to the presence of these phthalates in the blanks of SPME fiber, air, and the septum during extraction. In order to check the accuracy of the results obtained, a recovery study was carried out at three concentration levels: 1.0, 2.0 and 4.0 μg/l for DMP, DEP, DBP, BBP and DEHP (Table 1) . It is calculated by comparison of the peak area ratio from the extracted SPME spiked water with that obtained from the calibration curve. At the lower concentration level, recovery values between 98.3% and 114.3% were obtained. At intermediate and high concentration levels, the recoveries were between 93.3%-101.3% and 95.8%-99.3% respectively. The linearity study was carried out at six concentration levels with different ranges for each chemical. Each standard was analyzed at least 12 times. The SPME method using the PDMS/DVB fiber was linear with correlation coefficients > 0.998 for the six types of phthalates. Thus, the PDMS/DVB-GC-MSD method demonstrated its feasibility in determining the selected phthalates in water samples. Though each water sample was analyzed only once, each sequence of analysis included three de-ionized water (as blank), and three blank fibers by exposing the SPME fiber in an empty vial under the same conditions as the standards and samples. The average blank levels from deionized water and/or fibers (if any) were subtracted from the results of samples. With this, we were able to control the possibility of contamination. In addition, if any value of the three spiked water samples moved outside of the range, ± 3 SDs from the average, the run was rejected.
Validation of the method
Statistical analyses
The SPSS (version 13.0) was employed for statistical analysis of the results. The MDL and LOQ were defined as the concentration corresponding respectively to the mean blank value plus three and ten times the standard deviation (S.D.). Linear calibration graphs were plotted by using the least-squares regression method. All data were not normally distributed and therefore, differences in phthalate concentrations between groups were tested with Mann-Whitney U test and Kruskal-Wallis analysis. A P < 0.05 was considered to indicate statistical significance.
RESULTS AND DISCUSSION
A total of 150 bottled water samples were analyzed for phthalates under three different storage conditions. The presence of phthalates in bottled water was detected in most of the bottled water. In all tested bottled waters and regardless of their storage conditions, we found 10.3% (DMP), 30.3% (DEP), 0.06% (DBP), 89.3% (BBP) and 35.2% (DEHP) above the MDLs of 0.502 μg/l, 0.58 μg/l, 0.856 μg/l, 0.519 μg/l and 0.696 μg/l respectively. On the other hand, 1.5% (DMP), 17.6% (DEP), none (DBP), 76.7% (BBP) and 15.2% (DEHP) were above the LOQs of 1.321 μg/l, 0.825 μg/l, 1.165 μg/l, 0.994 μg/l and 0.864 μg/l respectively. These phthalates might have either leached into water from the PET bottles or contamination during manufacturing. Many studies reported the presence of phthalates residues in bottled water, which might be attributed to contamination during the water process, migration from bottle material or contamination during analysis (Kim et al., 1990; Casajuana and Lacorte, 2003; Montuori et al., 2008; Amiridou and Voutsa, 2011 ). When we classified the concentrations of phthalates in all water samples by their storage conditions, it seems that a part of BBP and DEHP, the others were either not detected (ND) or < MDL as shown in Table 2 . Comparisons of DMP, DEP, DBP, BBP and DEHP values for the 10 different brands of bottled waters were conducted using Kruskal-Wallis analyses under each storage conditions. As shown in Table 2 , significant differences in all tested phthalates were seen across the ten different brands that stored under various conditions with the exception of BBP in bottled water stored for three months outdoor (P = 0.279). Variations among different brands of bottled water could be related to the processing and storage conditions within each factory. Our results revealed also that the levels of phthalates among the various brands were influenced by parameters such as conditions of storage (time and temperature). The highest concentrations are seen in bottled waters analyzed after one month storage at 4°C (Fig. 2) . Mann-Whitney U tests revealed that the levels of DMP, DEP, BBP and DEHP in bottled waters stored at 4°C were significantly higher than those stored at room temperature and outdoor with P < 0.05. Therefore, the higher levels of phthalates in bottled water stored at 4°C might be due to either external contamination from bottling factory or migration from PET bottles during storage. These samples were purchased from various retailers who might have stored these water bottles under different conditions. In contrast, DBP levels were significantly higher in bottled waters stored at room temperature than those stored at 4°C (P = 0). On the other hand, the levels of DMP, DEP and BBP were significantly lower in bottled waters stored outdoor than those at room temperature with P-values of 0, 0.03 and 0.001 respectively. But no differences were seen with DBP and DEHP (P-values of 0.091 and 0.982 respectively). It seems both storage time and exposure to sunlight played a role in the degradation of most phthalates when bottles stored outdoor. However, such behavioral pattern looks not the same among the tested phthalate compounds. Studies seem to be inconsistent. Some authors reported higher levels of phthalates in water samples stored outdoor for 10 weeks at 30°C (Casajuana and Lacorte, 2003) , while Leivadara et al. (2008) reported that DEHP was lost when bottled water stored at 30°C for three months. Schmid et al. (2008) found the release of DEHP from bottled water exposed to sunlight for 17 hr was negligible.
Therefore, in the subsequent section we will discuss only phthalate compounds (DEP, BBP and DEHP) that were found above LOQ in more than 10% of bottled waters in terms of existing guidelines and recent studies. The U.S. EPA has established two sets of regulations for organic contaminants in drinking water: (1) Maximum Contaminant Level Goal (MCLG) in which the level of a contaminant in drinking water below which there is no known or expected risk to health. In the case of DEHP, MCLG is zero; and (2) Maximum Contaminant Level (MCL)-the highest level of a contaminant that is allowed in drinking water and these MCLs are enforceable standards. A part of DEHP, no MCLs has been established for other phthalates in drinking water. DEHP was classified as B2; probable human carcinogen. Orally administered DEHP produced significant dose-related increases in liver tumor responses in rats and mice of both sexes (EPA, 1993a) . Since DEHP is the most widespread phthalates produced and used, the EU and the World Health Organization (WHO) have established a permissible limit of 8.0 μg/l in fresh and drinking waters (EU Council, 2001; WHO, 2008) . In contrast, the Japanese authority revised the permissible DEHP limit in drinking water from 60 μg/l in 1994 to 100 μg/l in 2001 (Hirose et al., 2004) , based on regional chemical exposure assessments. The U.S. EPA's maximum contaminant level for DEHP is 6 μg/l (http:// water.epa.gov/drink/contaminants/index.cfm#Organic) (EPA, 2009). The highest levels of DEHP were found in bottled waters stored at 4°C (0.663 ± 0.209 μg/l) with a maximum value of 1.254 μg/l. Our value was higher than the maximum values of: 0.58 μg/l (Amiridou and Voutsa, 2011) ; 0.092 μg/l (Cao, 2008) ; 0.17 μg/l (Montuori et al., 2008) ; 0.2 μg/l (Leivadara et al., 2008) ; and 1 μg/l (Peñalver et al., 2000) . DEHP above LOQ (0.864 μg/l) was found in 14% and 30% of bottled waters stored at 4°C and outdoor respectively. The maximum values of DEHP at room temperature was less (0.8 μg/l) than the LOQ but higher than the above studies. Nevertheless, all samples regardless of their storage conditions were lower than the EPA and WHO permissible limits.
As shown in Fig. 2 , BBP was the most abundant phthalate in all water samples under three different storage conditions. The highest value of BBP was found in bottled water stored at 4°C (4.592 ± 3.081 μg/l) and all samples were above the LOQ of 0.994 μg/l. Studies by Amiridou and Voutsa (2011) and Cao (2008) did not find BBP in bottled waters. The U.S. EPA classified also BBP as C; possible human carcinogen (EPA, 1993b) . This was based on a statistically significant increase in mononuclear cell leukemia in female rats; the response in male rats was inconclusive and there was no such response in mice. It should be noted that to date no international guidelines for BBP or other phthalates in drinking-water have been established but the US EPA has proposed MCL of Vol. 36 No. 4 2 months at room temperature 3 months outdoor (≈40-45°C) Vol. 36 No. 4 100 μg/l for BBP in drinking water (http://www.masterwater.com/main/epa_regs.asp).
We found that the maximum DEP value in bottled waters stored at 4°C (1.778 μg/l), room temperature (0.34 μg/l) and outdoor (0.296 μg/l) were higher than the maximum values reported by: Caio 2008, 0.1 μg/l and Amiridou and Voutsa (2011), 0.07 μg/l. Our results were also higher than the DEP mean of 0.17 μg/l reported by Montuori et al. (2008) .
Infants and children may be especially vulnerable to the toxic effects of phthalates (Sathyanarayana, 2008) . The World Health Organization assumed that the daily per capita consumption of drinking-water is approximately 0.75 liter for bottle-fed infants of 5 kg body weight (WHO, 2008) . Based on this assumption, we compared our results to Integrated Risk Information System (IRIS) reference doses for chronical oral exposure (RfD). It seems that the daily intake of maximum detected DEP (0.3 μg/kg/day), DBP (0.2 μg/kg/day), BBP (0.3 μg/kg/ day) and DEHP (0.2 μg/kg/day) for bottle-fed infants is far below the maximum safe doses of 800 (EPA, 1993c), 100 (EPA, 1990 ), 200 (EPA, 1993b , and 20 μg/kg/day (EPA, 1993a) respectively. The EPA's reference values were based on phthalate's critical effects on toxicological endpoints such as increased liver weight and mortality rather than their reproductive toxic effects. Within the last few years, many studies reported the detrimental reproductive effects of low phthalates exposure in animal and human studies (Lyche et al., 2009; Martino-Andrade and Chahoud, 2010) . Fetuses, neonates and children are of special concern to the impact of these phthalates on their developing reproductive system. Recent study provided new evidence of the adverse anti-androgenic effects of low-dose prenatal exposure to DEHP on male rat development (Christiansen et al., 2010) . Moral et al. (2011) revealed that in utero exposure to BBP induced a delayed pubertal onset and modifi ed morphology of the mammary gland causing modifi cations in gene expression previously associated with an increased susceptibility to carcinogenesis. Few studies reported weak estrogenic activities of DEP in vitro studies. Pereira et al. (2007) reported that continuous exposure to low DEP through food, gestation and lactation over three generation's leads to an enhanced toxic effect in the latter generations. Saudi Arabia ranks number 12 in bottled water consumption (88 L per capita in 2004) among the 71 reported countries (World's Water, 2009 ). Although, the levels of phthalates in tested bottled waters were low, consumption of commercially bottled water may therefore contribute to the overall exposure of humans to endocrine disruptors that may cause disruption to the hormonal system through several mechanisms. We should not also dismiss phthalates exposure from other sources such as food, toys, medications, and personal care products. Although, the general concept revealed that because of their chemical properties exposure to phthalates does not result in bioaccumulation (Heudorf et al., 2007) , recent research findings show that they induce reproductive malformations in a cumulative and dose-additive manner (Rider et al., 2010; Koch et al., 2011) . Risk assessments studies should take into account the synergistic and cumulative mechanisms between mixture of phthalates and other pollutants that could produce adverse effects on human reproductive health that start during the intrauterine life.
In conclusions, this study was designed to investigate the presence of five phthalates in 10 different brands of bottled waters collected from local markets under three different storage conditions. Bottled waters stored at 4°C contained higher levels of DMP, DEP, BBP and DEHP. This suggests that these phthalates might have either leached into water from the PET bottles or contamination during bottling processes. The decrease in the levels of phthalates in bottled waters stored either at room temperature or outdoor suggest that temperature and sunlight play a role in the degradation of phthalates within time. Apart from DEHP, there are no current legislations for other phthalates. Regardless of storage conditions, all our samples did not exceed the maximum established limit of DEHP (< 6 μg/l). Although, the levels of phthalates in tested bottled waters were low, one should not dismiss that these chemicals may cause endocrine disruption through several mechanisms, especially to potentially vulnerable populations such as infants and pregnant women. Saudi Arabia ranks 12 in bottled water consumption (88 L per capita in 2004) among the 71 reported countries. With this high consumption, a quality assurance scheme for residue monitoring in water is quite important. Although, one cannot avoid phthalates contamination in bottled waters due to manufacturing process but at least special care should be taken regarding their storage conditions.
